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(54) Preparative separation of steroids by reverse phase HPLC 



(57) Budesonide C22R epimer is more active than 
C22S epimer. In so far the preparative separation of the 
two molecules from the mixture has not been made suit- 
able at industrial level. The present invention describes 
the procedure to separate at preparative scale the epim- 
ers of certain synthetic steroid mixture. The present in- 
vention has based on isocratic reverse phase HPLC 
method and some devices as the procedure to dissolve 
the mixture and load it on the column, the choice of sol- 
vent and the physic-chemical condition of the chroma- 
tography, the recovery of the solvents. The whole of 



these devices to make the process to separate epimers 
from steroid mixtures, practicable at industrial level. 
More in particular the present invention describes the 
separation of the (22 R, S) 16ot,17a-butyldenedioxy- 
21-dihydroxypregna-1 ,4-diene-3,20-dione (Budes- 
onide), at preparative scale, into C22R and C22S epim- 
ers. The Budesonide has dissolved in a some organic 
solvent and each epimer has eluted in a water solution, 
permitting a highly easily recovery of the molecules also 
useful to pharmaceutical formulations. 
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Description 

Field of the invention 

5 [0001] The present invention relates to a chromatographic process to separate the R epimer from the S epimer of a 
certain steroid, starting from its stereoisomeric mixture; often epimers have a different pharmacological effect and the 
availability of the two separate drug may be an advantage. 

[0002] More in particular the invention describes an unusual reversed-phase chromatography to separate the mixture 
(22 R, S) 16a,17a-butyldenedioxy-11p, 21-dihydroxypregna-1,4-diene-3,20-dione (budesonide), at preparative scale, 
10 into C22R and C22S epimers. 

Prior Art 

[0003] Generally steroids have synthesized as stereoisomeric mixture which racemic or epimeric compounds often 
15 having a different pharmacological activity. Recently the mixture of pharmaceuticals have separated into components 
by several methods. Chromatographic may be a process to separate glucocorticoids as budesonide but in so far the 
only one preparative process by molecular exclusion chromatography (gel filtration) was described in the expired patent 
US3928326. The HPLC method on the sephadex LH20 describes a process to separate about 1500 mg of budesonide 
with a column of 6.3 cm x 75 cm by using a 20:20:1 mixture of epthan-chloroform-ethanol. The process uses a column 
20 having a volume of 2,3 litres to separate about 750 mg/l of budesonide mixture and it has been considered not suitable 
at industrial scale also tacking in account the high cost of the solvents. As a matter of the fact the patents WO 92/1 1 280 
from Instytut Farmaceutyczny, the Sicor SpA patents and Farmabios Sri patents (EP 0875516 A2, EP 09941991 Al) 
all describe methods to synthesize the C22R of budesonide and all stress that the gel filtration chromatographic method 
have technologically inconvenient, expensive and time-consuming. Moreover the C22R has obtained with a purity 
25 ranging among 90%-96%. 

[0004] However C22S epimer is pharmacological active and the patented syntheses failure to one step recovery of 

both epimer molecules. 

[0005] On the other side analytical separation of budesonide have described and the use of reversed phase C18 
has been successful used. The European Pharmacopoeia describes a reverse phase HPLC method that separates 
30 epimer C22R from C22S. However several analytical chromatographic methods have been described (Wikby et al. 
1978, J. chromatog., Roth G. et al. 1980, J. Pharm. Sci. 69,766-770; Shuguang H. et al. 2001, J. Pharm. Biom. Anal. 
24,371-380). 

[0006] In so far all described methods, differing in the solvents, fail at preparative scale due to the relative solubility 
and lipophilicity of the budesonide and solvent viscosity. In fact has been described the higher budesonide viscosity 
35 in certain mobile phase and lower solute diffusion coefficients causes greater plates heights. The results are that all 
classical methods fail to separate the budesonide epimers at high concentration. 

[0007] Although it is not clarified the use of a suitable water: solvent solution has been proposed to be important in 
the chromatographic behaviour of budesonide epimers. On the basis of the possibility to dissolve budesonide in alcohol, 
but utilizing a not obvious method, we set up a process to separate budesonide epimers at preparative scale. 

40 

Detailed description of preferred embodiments 

[0008] A HPLC chromatographic process to purify synthetic steroids and when occurring, to separate stereoisomeric 
mixture in their component, has described herein. The present invention may be suitable for purification at preparative 
45 scale of synthesized glucocorticoids as showed in FIG 1/3 and their derived or chemically related molecules. 

[0009] More in particular the process is suitable to separation of (22 R, S) 16a,17a-butyldenedioxy-1ip,21-dihydrox- 
ypregna-1 ,4-diene-3,20-dione and related molecules. Budesonide (FIG 2/3) is a racemate consisting of mixture of two 
epimers, C22R and C22S, generally present in a non-equimolar ratio. 

[0010] Furthermore acting on solvents, loading conditions, elution and geometry of column, it is possible purify not 
so only 16a,17a-butyldenedioxy-1ip,21-dihydroxypregna-1,4-diene-3,20-dione derived molecules but also steroids as 
well as progesterone and ursodeoxycholic acid. 

[001 1] The process described in the present invention consists of a method to optimize relationship among budes- 
onide solubility, viscosity and lipophilicity. In the present invention has described a HPLC isocratic method to purify 
steroids and separate glucocorticoid epimers where the stationary phase is a C18 and if required an ion-pair reagent 
55 can be used. 

[0012] In this process, where viscosity and lipophilicity are strategic to optimize separation, each chromatography 
must be carried on one-step cycle and in this view the use of solvent maximizing the concentration of loaded substance, 
has preferred. The ratio between the loading volume (V L ) and the volume of the column (V c ) must be at least 0.02 (V L / 
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V c < 0.02). With this process it is possible separate the epimers at a purity of 98% and a recovery more than 95%. 
The functional group C18 may be choice having granulometry ranging among 3,5 \irr\ and 15 ^im. 

Detailed description of drawings 

5 

[0013] FIG 1/3 represents a glucocorticoid where R1 may be a linear or branched alky! having among 1 up to 10 
carbon atoms. X1 generally is a hydroxyl and X2 and X3 are hydrogen or phluoro atoms or a halogen, R2 may be and 
hydroxyl, an ester or an acylic group. 

[0014] (22 R, S) 16a,17a-butyldenedioxy-11p,21-dihydroxypregna-1,4-diene-3,20-dione (budesonide). 
10 [0015] FIG 2/3 is a particular case where (22 R, S) 16a,17a-butyldenedioxy-11p, 21-dihydroxypregna-1,4-diene- 
3,20-dione (budesonide). 

[0016] FIG 3/3 (3a/3, 3b/3, 3c/3) are the chromatograms of budesonide on the C18 column according to the present 
process (3a), and the epimer S after the process (3b) and the epimer R after the process (3c). 

15 Example 1 

[0017] In a preferred process to separate C22 (R.S) budesonide epimers, the drug mixture (purchased by SIGMA 
and ASTRA-ZENECA) must be dissolved in methylic alcohol and at a concentration ranging between 33 g/l and 40 g/ 
I and more, loaded on the column Inertisil ODS 3 column (4.6 mm x 250 mm, 5 micron) to reach the best purity. The 
20 column has washed with a bufierA (acetonitrile:water 30:70) at a flux of 1 ml/min and 1500 psi. After the budesonide 
mixture, carefully dissolved, has loaded on the column and the epimers separation has obtained washing with the 
bufferA. Each epimer has followed at 240 nm wave length. 

[0018] Theeluted fraction have analysed according our analytical method obtained loading about 4 mg of budesonide 
on the C18 column and recovering two fractions of about 7.5 ml, respectively (FIG 3a/3). The fraction 1 (R epimer) 
25 having a concentration of 0.283 mg/ml (FIG 3b/3) and the fraction 2 (S epimer) having a concentration of 0.253 mg/ 
ml (FIG 3c/3). 

" [0019] A budesonide standard has been used to titre spectrophotometrically the yield of the process; a calibration 
curve has been constructed at 240 nm among 8 ng/ml up to 70 ^ig/ml. 



RESULTS 



Fraction 


Volume 


U.V. Concentration 


yield' 


recovery* 


Percentage of purity 


ml 


mg/ml 


mg 


% 


% 


load 

R epimer 
S epimer 


0.1 
7.5 
7.5 


40.28 
0.283 
0.253 


4.028 

2.12 

1.897 


52.6 
47.1 


>98 
>98 


Where 
Yield o 


in this example the epimers composition is: R epimer = 52.45% S epimer = 47.55%. 
f the process is R-epimer = 100.3% S- epimer = 99% 
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Example 2 

[0020] A process to purify certain steroids according to example 1 method but in presence of trifluoracetic acid or 
phosphoric acid or acetic acid (at the final concentration of 0.1%). A shift of the retation time as well the use of a ion 
45 pair reagent may result suitable to purify molecule from impurities or to separate epimers from pure mixtures. 

Example 3 

[0021] According to the procedure of the preferred example 1,2.3 g of budesonide mixture have loaded on a C18 
50 column with the following parameters 

Column geometry: 110 mm x 250 mm 

Column volume or phase : 2374 ml 

Flux: 571 ml/min 

Loading volume: 60 ml 
55 Loading mass: 2400 mg 
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Example 4 

[0022] According to the present invention it is possible change some important parameters which are the body of 
the present invention to use stationary phases having the same or equivalent C18 functional group but other matrix 

5 granulometry, poresize, capping chemistry, density of linking group. As a matter of fact it is possible a preparative 
purification of steroids and a preparative separation of epimers by using the following columns as stationary phase: 
X-terra 3.5 Jim (Waters); ODS3 inertsil 5 ^m (GL-science); Daisogel ODS-AP SP120 (Daiso) 10 Jim where the support 
is Silica gel or Resource Rp (Pharmacia) 15 ^m where. the support is "polystyrene'Vdivynilbenzene or some other 
stationary phase suitable for the reverse-phase. As a matter of fact according to the present invention it is possible 

10 that the system to purify and to separate the progesterone or ursodeoxycholic acid may not be the optimum for all 
steroids and it can be set up aging on ion pair reagent and acetonitrile:water ratio, respectively. 

Example 5 

15 [0023] According to present invention it is possible a preparative purification of the ursodeoxycholic acid dissolving 

in methanol at the concentration of 100 g/l. About 6g have loaded on the ODS3 column Inertisil 5 micron (GL sciences 

Inc.). In this example the best mobile phase is the acetonitrile:water 40:60 where the process reach a molecules purity 

of the 99.3% and a recovery of the 97.8%. 

Column geometry: 110 mm x 250 mm 
20 Phase volume: 2374 

Flux: 571 ml/min 

Loading volume: 60 ml 

Loading mass: 6 g 

[0024] On the basis of the present invention it is possile to scale-up the process according to our result the quality 
25 of separation do not change loading more steroid mass. The available Inertsil ODS3 Prep 5 micron give the following 
results: 
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Claims 

1 . a chromatographic procedure to preparative purification of synthetic steroids, including epimers separation, where 
it use a reverse phase under isocratic condition. The functional group is a any C18 or its equivalent binding group 

so immobilized on silice or "polystyrene'Vdivynilbenzene having a granulometry ranging among 3.5 p.m up to 15 

2. a chromatographic method according to claim 1. where the mobile phase is acetronitrile:water in the preferred 
ratio 30:70 and where the ion pair reagent can be choiced among trifluoracetic acid, acetic cid or phosphoric acid. 

55 3. A method according to claims 1. and 2., where the mixture of epimers is dissolved at the max concentration by 
using a suitable solvent and after it has loaded on the column without perturbing the composition of the mobile 
phase. 
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4. A method according to claims 1 2., and 3. where the minimum ratio between the loading volume and the volume 
of the phase is 0.02 with a resolution among 99% and 97% and the recovery of the molecules is among 96% and 
90%. 

5 5. A method according to claims 1., 2., 3., and 4., where the steroid is the budesonide dissolved at the minimal 
concentration of 40 g/litre in the methanol as preferred solvent. 



10 



15 



20 



25 



30 



35 



40 



45 



55 



EP 1 398 320 A1 




EP 1 398 320 A1 




FQ2!4: 91431 B2 



cS3" 



do" 

& 




FQ2!4: 91431 B2 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 42 5573 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dooumerrt with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.7) 



US 6 114 318 A (BIGGADI KE KEITH ET AL) 
5 September 2000 (2000-09-05) 
* column 9, line 36 - column 10, line 35; 
examples 1-5 * 



1-5 



C07J71/00 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



C07J 



The present search report has been drawn up for all claims 



Race oA search 

MUNICH 



Date of completion of the search 

18 November 2003 



Seelmann, I 



CATEGORY OF CfTED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or prinoiple undem/ing the Invention 
E : earlier patent document, but published on, or 

after the fifing date 
D : document cited in the application 
L : document oited for other reasons 



& : member of the same patent family, corresponding 
document 



FQ2I4: 91431 B2 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 42 5573 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

18-11-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 6114318 



05-09-2000 



AT 
AU 
DE 
DE 
OK 
EP 
ES 
WO 
GR 
OP 
JP 
PT 



195529 T 
1185197 A 
69609870 Dl 
69609870 T2 
883628 T3 
0883628 Al 
2150149 T3 
9724368 Al 
3034439 T3 
2951000 B2 
11501674 T 
883628 T 



15- 09-2000 

28- 07-1997 
21-09-2000 
25-01-2001 
06-11-2000 

16- 12-1998 
16-11-2000 
10-07-1997 

29- 12-2000 
20-09-1999 
09-02-1999 
31-01-2001 



For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



